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7RSHUIRUPWKHRSHUDWLRQVHIIHFWLYHO\DFFXUDWHGDWDLVUHTXLUHG+RZHYHULQUHDOLW\LWLVYHU\GLIILFXOWWRJHWEHFDXVH
RIODUJHVL]HLQIUHTXHQWDYDLODELOLW\RIPHDVXUHPHQWVDQGDOVRGXHWRFRUUXSWHGGDWD7KHVHOLPLWDWLRQVDUHRYHUFRPH
E\DVWDWHHVWLPDWRU6(
6WDWH HVWLPDWRU LV D FRPSXWHU SURJUDP ZKLFK SURFHVVHV WKH DYDLODEOH PHDVXUHPHQWV LQFOXGLQJ VRPH RI WKH
UHGXQGDQWGDWDLIDQ\IRUWKHSXUSRVHRIDFFXUDF\WRREWDLQWKHEHVWYDOXHVRIVWDWHYDULDEOHV7KHJHQHUDOSUDFWLFHLV
WRFRQVLGHUEXVYROWDJHPDJQLWXGHVDQGDQJOHVDVWKHVWDWHYDULDEOHV
([WHQVLYHZRUNKDVEHHQGRQHLQWKHDUHDRISRZHUV\VWHPVWDWHHVWLPDWLRQ>@+RZHYHULQFOXVLRQRI)$&76
LQWR WKHSURFHVVRISRZHU V\VWHPVWDWH HVWLPDWLRQ LV VWLOO DW\SLFDO3UHVHQWZRUNSURYLGHVDQ LQVLJKW LQWR WKH VWDWH
HVWLPDWLRQRISRZHU V\VWHPQHWZRUNVZLWK IRFXVRQWR'\QDPLF6WDWH(VWLPDWLRQ '6(ZKLFKKDV JDLQHGPXFK
LPSRUWDQFHODWHO\7KLVSDSHUGHDOVZLWKPRGHOLQJRI83)&LQWRDQ60,%V\VWHPDQGDSSOLFDWLRQRI.DOPDQILOWHU
EDVHG'6(WHFKQLTXHWRLW
7KLVSDSHULVRUJDQL]HGLQWRHLJKWVHFWLRQV6HFWLRQ,,SURYLGHVWKHRYHUYLHZRIVWDWLFDQGG\QDPLFVWDWHHVWLPDWLRQ
DQGVHFWLRQ,,,GHVFULEHV([WHQGHG.DOPDQ)LOWHU(.)DVDPHWKRGIRU'6(6HFWLRQ,9SUHVHQWVLQVLJKWLQWRWKH
VWDWHHVWLPDWLRQRISRZHUV\VWHPLQFOXGHGZLWK)$&76GHYLFHV6HFWLRQ9GHVFULEHVG\QDPLFPRGHOLQJRI60,%
V\VWHPZLWK83)&6HFWLRQ9,GHVFULEHVLPSOHPHQWDWLRQRI(.)LQWRDWHVWV\VWHPUHVXOWVRIZKLFKDUHSUHVHQWHGLQ
VHFWLRQ9,,IROORZHGE\FRQFOXGLQJUHPDUNVLQ9,,,
6WDWHHVWLPDWLRQVWDWHRIWKHDUW
%RRNVILUVWE\0RQWLFHOOL>@LQDQGWKHQE\$EXUDQG*RPH]([SRVLWR>@LQSURYLGHH[WHQVLYHZRUN
RQSRZHU V\VWHP VWDWH HVWLPDWLRQ2YHU WKH\HDUV:/6EDVHG VWDWH HVWLPDWLRQKDVEHHQZRUNHGXSRQ LQRUGHU WR
HQKDQFHQXPHULFDODQGFRPSXWDWLRQDOFDSDELOLWLHV5HIHUHQFHV>@SURYLGHDGHWDLOHGDFFRXQWRQPRGLILFDWLRQVLQ
WKHWHFKQLTXHIRULPSURYHGQXPHULFDOIRUPDWLRQ9DULRXVQXPHULFDOPHWKRGVKDYHEHHQH[SORUHGWRDYRLGWKHSUREOHP
RILOOFRQGLWLRQLQJ$SHUIRUPDQFHUHYLHZRIPHWKRGVOLNHRUWKRJRQDOWUDQVIRUPDWLRQQRUPDOHTXDWLRQVDQGKDWFKHOV
DXJPHQWDWLRQPHWKRGLVGRQHE\+ROWHQHWDOLQ>@7KLVZRUNUHSRUWHGWKHRUWKRJRQDOWUDQVIRUPDWLRQWREHWKHPRVW
VWDEOHPHWKRGDPRQJVWRWKHUV7KHH[WHQVLRQRIVWDWHHVWLPDWLRQPHWKRGVDVFRQVWUDLQHGSUREOHPZDVODWHUVROYHGE\
)UH\HWDO>@XVLQJWKHPHWKRGRI:HLJKWHG/HDVW$YHUDJH9DOXH:/$9
&RQYHQWLRQDO6WDWH(VWLPDWLRQLVVWDWLFLQQDWXUH6WDWLFVWDWHHVWLPDWLRQNLQGRIWDNHVVQDSVKRWVRIWKHV\VWHPDQG
GRHVQRWLQWUXHVHQVHLQFRUSRUDWHWKHV\VWHPG\QDPLFV&KDQJHVLQSRZHUV\VWHPDUHGULYHQE\ORDGV$VWKHORDG
YDULHVWKHJHQHUDWLRQLVH[SHFWHGWRFKDQJH+HQFHSRZHUIORZVWKURXJKOLQHDQGLQMHFWLRQVDWEXVHVFKDQJH7KLV
PDNHVV\VWHPG\QDPLF$OVRWKHWLPHFRQVWDQWVIRUWUDQVLHQWDUHIDVWHUWKDQWKHUDWHDWZKLFKFRQYHQWLRQDO6&$'$
FDSWXUHVGDWDPHDVXUHPHQWV
&RQVLGHULQJ WKHVH WKLQJV LI VWDWLF VWDWH HVWLPDWLRQ LV WREHFDUULHGRXW LW KDV WREHGRQHDWPXFK VPDOOHU WLPH
LQWHUYDOV7KLVEHFRPHVFXPEHUVRPHDQGFRPSXWDWLRQDOO\GLIILFXOW5HTXLUHPHQWRI ODUJHPHPRU\FDQDOVREHDQ
LPSRUWDQWLVVXH&RQYHQWLRQDOGDWDDFTXLVLWLRQSURYLGHVVWHDG\EXWXQV\QFKURQL]HGLQIRUPDWLRQDQGDWORZVDPSOLQJ
GHQVLW\7KXVGLVSDWFKLQJDQGFRQWUROOLQJFHQWHUFDQQRWNQRZWKHG\QDPLFRSHUDWLQJVWDWHVRI WKHV\VWHPH[DFWO\
7KXVDQLPSURYHPHQWLQWKHDYDLODEOHHVWLPDWLRQSURFHGXUHVLVRILPSRUWDQFH7KLVUHTXLUHPHQWLVPHWE\'\QDPLF
6WDWH(VWLPDWRUV'6(
8VLQJWKHLQIRUPDWLRQDERXWVWDWHYHFWRUDWWLPHLQVWDQWNWKH'\QDPLF6WDWH(VWLPDWLRQWHFKQLTXHFDQSUHGLFWWKH
VWDWHYHFWRURISRZHUV\VWHPDWQH[WWLPHVWDPSN'XHWRWKHSUHGLFWLRQDELOLW\LWDOORZVVHFXULW\DQDO\VLVWREH
FDUULHGRXWLQDGYDQFHDQGKHQFHWKHVLJQDORSHUDWRUFDQKDYHPRUHWLPHGXULQJHPHUJHQFLHV
$QRWKHULPSRUWDQWDVSHFWRIG\QDPLFVWDWHHVWLPDWLRQLVWKDWUDWKHUWKDQFRQYHQWLRQDOVWDWHVOLNHEXVYROWDJHDQG
DQJOHVWDWHVWKDWWUXO\GHSLFWWKHG\QDPLFVRIDV\VWHPOLNHJHQHUDWRUURWRUDQJOHVSHHGRUJHQHUDWRULQWHUQDOYROWDJHV
DUHHVWLPDWHG6XFKSDUDPHWHUVFDQEHKHOSIXOWRWDNHSUHGLFWLYHDFWLRQVXVLQJJHQHUDWRUFRQWUROVLQFDVHRILQFLSLHQW
HPHUJHQFLHV7KHVDLGVWDWHYDULDEOHVDUHGHULYHGXVLQJWKHG\QDPLFDOPRGHOLQJRIWKHV\VWHPFRPSRQHQWV
7KHGLVFXVVLRQVRIDULQGLFDWHVWKDWWKHUHLVDQXUJHQWQHHGRIHVWLPDWLQJWKHG\QDPLFVWDWHVRIDSRZHUV\VWHP
QHWZRUN,WEHFRPHVLPSRUWDQWWKDWWKHFKRVHQWHFKQLTXHIRUVXFKHVWLPDWLRQPXVWEHUREXVWDFFXUDWHHIILFLHQWOHVV
WLPHFRQVXPLQJDQGHQVXULQJWKHUHVXOW
$FFRUGLQJ WR >@ G\QDPLF VWDWH HVWLPDWLRQ WHFKQLTXHV DUH EURDGO\ FODVVLILHG LQWR.DOPDQ ILOWHUEDVHG5REXVW
G\QDPLF WHFKQLTXHV 6TXDUH URRW ILOWHUEDVHG DQG $UWLILFLDO ,QWHOOLJHQFHEDVHG WHFKQLTXHV $XWKRUV KDYH WULHG WR
FDWHJRUL]HFHUWDLQDYDLODEOHWHFKQLTXHVDVPHQWLRQHGDERYHKRZHYHULWQHFHVVDULO\PD\QRWVXPXSDOOWKHDYDLODEOH
 Meera R. Karamta and J.G. Jamnani /  Energy Procedia  100 ( 2016 )  315 – 324 317
WHFKQLTXHV
0DMRULW\RI'6(WHFKQLTXHVDUHLQRQHRUPRUHZD\YDULDQWVRI.DOPDQILOWHUWHFKQLTXH7KHUHDVRQZK\LWLVVR
ZLGHO\XVHG LV WKH UHODWLYH HDVHRI LPSOHPHQWDWLRQRYHURWKHU DYDLODEOH WHFKQLTXHV.DOPDQ ILOWHU WHFKQLTXHV DOVR
SURYLGHDGYDQWDJHWKDWLWLVSRVVLEOHWRSUHGLFWWKHVWDWHDWQH[WLQVWDQWLQDGGLWLRQWRILOWHULQJRXWWKHQRLVHIURPWKH
DYDLODEOHPHDVXUHPHQWV
6HYHUDOYDULDQWVRI.DOPDQILOWHUOLNH([WHQGHG.DOPDQ)LOWHU(.)8QVFHQWHG.DOPDQILOWHU8.)DUHXVHG>
@(.)DSSURDFKLVZLGHO\XVHGIRUWKH'6(,WLVDQRQOLQHDUYHUVLRQRI.DOPDQILOWHU)URPWKHVWXG\RIUHODWLYH
SURVDQGFRQVLWLVREVHUYHGWKDW8.)HPHUJHVDVDEHWWHURSWLRQWRFDUU\RXWVWDWHHVWLPDWLRQ>@*HQHUDOO\WKH
QRQOLQHDULWLHVLQSRZHUV\VWHPPRGHODUHQRWVRVHYHUHDQGKHQFHOLQHDUL]DWLRQHUURUVLQ(.)DUHDOVRLQVLJQLILFDQW
$VDUHVXOWSHUIRUPDQFHVXSHULRULW\RI8.)LVQRWVRREYLRXV2YHU WKH\HDUV WKHXVHRI(.)DVDVWDWHHVWLPDWRU
SURJUDPKDVJDLQHGYDOXH+RZHYHULQIXWXUHWKHUHFDQEHDVFRSHWRHPSOR\H[WHQVLYHUHVHDUFKSXWLQWKH8.)IRU
G\QDPLFVWDWHHVWLPDWLRQRISRZHUV\VWHP
7KH.DOPDQILOWHUEDVHGWHFKQLTXHDVVXPHV*DXVVLDQGLVWULEXWLRQRIQRLVH%XWIUHTXHQWO\WKHQRLVHGLVWULEXWLRQ
GHYLDWHVIURPWKHDVVXPHGPRGHO7KHSHUIRUPDQFHRI.DOPDQILOWHUEDVHGWHFKQLTXHGHJUDGHVLQWKHSUHVHQFHRIWKHVH
RXWOLHUV)RUWKLVSXUSRVHFHUWDLQWHFKQLTXHVFDOOHG5REXVWWHFKQLTXHVZHUHGHYHORSHG$XWKRUVRIUHIHUHQFH>@KDYH
DGGUHVVHGWKHLVVXHXVLQJDVWDWLVWLFDODSSURDFKEDVHGRQ0HVWLPDWLRQWHFKQLTXH+RZHYHU5REXVWWHFKQLTXHVDUH
FRPSXWDWLRQDOO\YHU\FRPSOH[DQGPDWKHPDWLFDOIRUPXODWLRQLVFXPEHUVRPH
6TXDUH URRW ILOWHU WHFKQLTXHV ZHUH XVHG WR RYHUFRPH QXPHULFDO HUURUV WKDW PD\ DULVH ZKLOH FRPSXWHU
LPSOHPHQWDWLRQVRI.DOPDQILOWHUWHFKQLTXHV>@,WFDOFXODWHVVTXDUHURRWVRIFRYDULDQFHPDWULFHVUDWKHUWKDQ
XVLQJWKHPGLUHFWO\XVLQJVSHFLDOGHFRPSRVLWLRQPHWKRGVOLNH&KROHVN\GHFRPSRVLWLRQHWF
+DYLQJEULHIHGRQRWKHUDYDLODEOHWHFKQLTXHVIROORZLQJVHFWLRQGHVFULEHV(.)LQGHWDLO5HDGHUVDUHUHIHUUHGWR
>@WRKDYHIXUWKHULQVLJKWRQWKHDYDLODEOHYDULDQWV
([WHQGHG.DOPDQILOWHUDVDG\QDPLFHVWLPDWRU
,WVROYHVWKHSUREOHPRIHVWLPDWLQJWKHLQVWDQWDQHRXVVWDWHRIDG\QDPLFV\VWHPZKLFKLVFRUUXSWHGE\ZKLWHQRLVH
(.)XWLOL]HVWKHQRQOLQHDUPRGHORIWKHV\VWHPDQGSURFHVVDQGPHDVXUHPHQWHTXDWLRQVDUHGHYHORSHGDVLQ
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6WDWHHVWLPDWLRQRISRZHUV\VWHPLQFRUSRUDWHGZLWK83)&
)$&76 LV D SURJUHVVLYH WHFKQRORJ\ WKDW KDV DOORZHG XWLOLWLHV WR PDNH WKH PRVW RXW RI WKH H[LVWLQJ JULG DQG
LQDGYHUWHQWO\FRQWURODOPRVWHYHU\JRYHUQLQJSDUDPHWHURIWUDQVPLVVLRQEHLWVHULHVLPSHGDQFHVKXQWLPSHGDQFH
SKDVHDQJOHVRIUHFHLYLQJDQGVHQGLQJHQGYROWDJHVHWFWKDWDIIHFWWKHSRZHUIORZDQGRUVWDELOLW\RIWKHWUDQVPLVVLRQ
DQGSRZHUV\VWHPEURDGO\
2QHRIWKHPRVWLPSRUWDQW)$&76GHYLFHVEHLQJXVHGLQSRZHUV\VWHPVLV8QLILHG3RZHU)ORZ&RQWUROOHU83)&
$83)&LVDQHOHFWULFDOGHYLFHIRUSURYLGLQJIDVWDFWLQJUHDFWLYHSRZHUFRPSHQVDWLRQRQYROWDJHHOHFWULFLW\QHWZRUNV
,W XVHV D SDLU RI WKUHHSKDVH FRQYHUWHU WR SURGXFH FXUUHQW WKDW LV LQMHFWHG LQWR D WUDQVPLVVLRQ OLQH XVLQJ D VHULHV
WUDQVIRUPHU7KH83)&LVDFRPELQDWLRQRIDVWDWLFV\QFKURQRXVFRPSHQVDWRU67$7&20DQGDVWDWLFV\QFKURQRXV
VHULHVFRPSHQVDWRU666&FRXSOHGYLDDFRPPRQ'&YROWDJHOLQN>@
7KHPDLQDGYDQWDJHRIWKH83)&LVWRFRQWUROWKHDFWLYHDQGUHDFWLYHSRZHUIORZLQWKHWUDQVPLVVLRQOLQH7KH
FRQWUROODEOHSDUDPHWHUVRIWKH83)&DUHUHDFWDQFHLQWKHOLQHSKDVHDQJOHDQGYROWDJH7KH83)&DOORZVDVHFRQGDU\
EXWLPSRUWDQWIXQFWLRQVXFKDVVWDELOLW\FRQWUROWRVXSSUHVVSRZHUV\VWHPRVFLOODWLRQVLPSURYLQJWKHWUDQVLHQWVWDELOLW\
RISRZHUV\VWHP>@&RQVLGHULQJWKLVGHYLFHDVDSSDUHQWO\DXQLYHUVDO)$&76FRQWUROOHULWLVWKXVWKHVXEMHFWPDWWHU
IRUGLVFXVVLRQLQWKLVSDUWLFXODUSDSHU
,Q>@83)&LVPRGHOOHGLQWRWKHV\VWHPDVDSDLURIYROWDJHVRXUFHRQHLQVHULHVDQGDQRWKHULQVKXQW7KLVSDSHU
GHDOVZLWKWZRFDVHVRQHEHLQJWKHDEVHQFHRIPHDVXUHPHQWHUURUVZKLOHDQRWKHUEHLQJSUHVHQFHRIEDGGDWDLQWRWKH
PHDVXUHPHQW8QGHUERWKVFHQDULRV:/6EDVHGHVWLPDWRUJLYHVIDLUUHVXOWV,WLVDOVRUHSRUWHGWKDWLQWKHVHFRQGFDVH
WKHQXPEHURILWHUDWLRQVLVOHVV+RZHYHUDQLQGLVWLQFWDSSUR[LPDWLRQRIDQRYHUGHWHUPLQHGV\VWHPLVWDNHQ7KDWLV
PHDVXUHPHQWGDWDUHGXQGDQF\LVYHU\KLJK
5HIHUHQFH>@VKRZVWKDWOHYHORIGDWDUHGXQGDQF\DOVRSOD\VDQLPSRUWDQWSDUWLQGHWHUPLQLQJWKHDFFXUDF\RIWKH
UHVXOWV,WLVUHSRUWHGWKDWHVWLPDWLRQUHVXOWVDUHOHVVDFFXUDWHLQSUHVHQFHRIWKH83)&ZKHQGDWDUHGXQGDQF\LVOHVV
,WLVDOVRKLJKOLJKWHGWKDWUHDFWLYHSRZHULQMHFWHGDWWKHEXVRI83)&FRQQHFWLRQLVGHFLVLYHPHDVXUHPHQWIRUSRZHU
V\VWHPVWDWHHVWLPDWLRQZLWK)$&76FRQWUROOHU
,QFOXVLRQRI308EDVHGKLJKDFFXUDF\UHVXOWVLQWRVWDWHHVWLPDWLRQLVGHPRQVWUDWHGLQ>@7KHSKDVRUVRIEUDQFK
FXUUHQWLQMHFWHGE\83)&DUHXWLOL]HGDVPHDVXUHPHQWV)XUWKHUPRUHRQHRIWKHEXVDQJOHSKDVRUPHDVXUHGE\D308
LVFRQVLGHUHGDVUHIHUHQFHDQJOHDQGRWKHUPHDVXUHPHQWVDUHXSJUDGHGDFFRUGLQJO\,PSURYHPHQWLQWKHUHVXOWVGXHWR
WKLVLVUHSRUWHG
*DOYDQL+DJKDQG6KDULILDQLQ>@XVHGD3UHGLFWDELOLW\,QGH[3,IRUFKHFNLQJWKHHIIHFWRI83)&RQSUHGLFWLRQ
RIV\VWHPYDULDEOHVOLNHEXVYROWDJHVDQGOLQHIORZV3UHGLFWDELOLW\RIWKHYDULDEOHVLVGHILQHGE\WKHYDULDQFHIURPWKH
H[SHFWHGYDOXHV+RZHYHUWKLVSDSHUKDVQRWGHDOWZLWKDSULRULSUHGLFWLRQRIVWDWHYDULDEOHVDQGPRGHOV83)&DVD
VWHDG\VWDWHYROWDJHVRXUFHPDNLQJWKHHVWLPDWLRQDSSURDFKVWDWLF
$PRQJVWSDSHUVWKDWGHDOZLWKWKHVWDWHHVWLPDWLRQRIDSRZHUV\VWHP>@SRSXODUPHWKRGVFDQEURDGO\
EHFODVVLILHGDV
z :HLJKWHGOHDVW6TXDUHV
z 5HFXUVLYH/HDVW6TXDUHV
z 6HTXHQWLDO6ROXWLRQDSSURDFK
z 3UHGLFWRU&RUUHFWRULQWHULRUSRLQWPHWKRG
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:HLJKWHG/HDVW6TXDUHKDVEHHQWKHPRVWZLGHO\XVHGPHWKRGKRZHYHULQRUGHUWRPDNHLWPRUHUREXVWDQGDYRLG
PDWKHPDWLFDOLOOFRQGLWLRQLQJ5HFXUVLYH/HDVW6TXDUHVLWHUDWLYHPHWKRGLVSURSRVHGLQ>@7KHVHTXHQWLDOVROXWLRQ
DSSURDFK DV SURSRVHG LQ >@ XVHV PDWUL[ UHGXFWLRQ KDYLQJ PDWKHPDWLFDO DGYDQWDJH EXW LW GRHV QRW LQFOXGH WKH
FRQVWUDLQWVZKLFKDSSHDULQSUHVHQFHRIWKH)$&76GHYLFHFRQQHFWHG
,WFDQEHVHHQWKDWWKHHVWLPDWLRQDSSURDFKIROORZHGXVHVDGHILQHGVHWRIPHDVXUHPHQWVWDNHQFRQVLGHULQJDVQDS
VKRW RI SRZHU V\VWHP +HQFH LV VWDWLF LQ QDWXUH LQ PRVW FDVHV 7KH PHWKRGV DUH LQ PRVW FDVHV XQFRQVWUDLQHG
RSWLPLVDWLRQDQGKHQFHQRWVXLWDEOHZKLOHSHUIRUPLQJG\QDPLFVWDWHHVWLPDWLRQ,IG\QDPLFVWDWHHVWLPDWLRQLVWREH
GRQHIROORZLQJTXHVWLRQVQHHGWREHDGGUHVVHG
z :KDWZRXOGEHWKHG\QDPLFVWDWHYDULDEOHVRIV\VWHPLQSUHVHQFHRI83)&"
z :LOOWKHPRGHOLQJRIFRQYHQWLRQDOFRPSRQHQWVOLNHJHQHUDWRUORDGVHWFEHDIIHFWHGE\SUHVHQFHRI83)&"
z :LOOWKHUHEHDQ\FKDQJHLQWKHPHDVXUHPHQWV"
7KHDERYHGLVFXVVHGPHWKRGVDUHVWDWLFLQQDWXUHDQGKHQFHLIDSSOLHGIRUG\QDPLFVWDWHHVWLPDWLRQFRXOGWDNHODUJH
WLPH7KHVHPHWKRGVDOVRGRQRWFRQVLGHUWKHG\QDPLFPRGHOOLQJRIWKH83)&,QRUGHUWRSHUIRUPG\QDPLFVWDWH
HVWLPDWLRQRIWKHV\VWHPZLWK83)&G\QDPLFPRGHOOLQJRI83)&LVWKHSULPDU\UHTXLUHPHQW
'\QDPLFPRGHOLQJRI83)&LQWR60,%
,WLVLPSRUWDQWWRXQGHUVWDQGWKHGLIIHUHQFHLQWKHVWHDG\VWDWHPRGHORI83)&DQGG\QDPLFPRGHORI83)&VRLW
FDQEHH[WHQGHGWRFDUU\RXWVWXGLHVOLNHG\QDPLFVWDWHHVWLPDWLRQVWDELOLW\VWXGLHVHWF$IHZUHOHYDQWSDSHUVZKLFK
SURYLGHWKHG\QDPLFPRGHOOLQJRI83)&DUH>@8QGHUQRUPDORUVWHDG\VWDWHFRQGLWLRQVWKHUHLVQRH[FKDQJH
RIUHDOSRZHUZLWKWKHV\VWHPLIV\VWHPORVVHVDUHQHJOHFWHG7KHYROWDJHFRQWURORI'&OLQNFDSDFLWRUUHVXOWVLQWKLV
EDVLFFRQWUROIXQFWLRQ5HIHU)LJ
7KLVPHDQV XQGHU VWHDG\VWDWH WKH'& OLQNYROWDJH UHPDLQV FRQVWDQW+RZHYHU WKLV LV QRW WKH FDVHXQGHU DQ\
WUDQVLHQWRUGLVWXUEDQFHFRQGLWLRQV7KHUHLVDQH[FKDQJHRIHQHUJ\ZLWKV\VWHPZKLFKFDXVHVWKH'&OLQNYROWDJHWR
YDU\GHSHQGLQJRQWKHFRQWUROVLJQDOVRIFRQYHUWHUV
,QFOXVLRQRI)$&76GHYLFHQRWRQO\LQFUHDVHVWKHSUDFWLFDOUHOHYDQFHRIVWDWHHVWLPDWLRQEXWLWFDQDOVRSURYLGH
SDUDPHWHUVIRUFRQWUROOHUVHWWLQJIRUD)$&76GHYLFHWKDWLVFRQQHFWHG


)LJ60,%LQFRUSRUDWHGZLWK83)&>@
7KLVUHVXOWVLQDG\QDPLFPRGHOLQJRI83)&ZKLFKLVDFWXDOO\DQRQOLQHDUGLIIHUHQWLDOHTXDWLRQZKLFKGHVFULEHV
YDULDWLRQRI'&OLQNYROWDJHZLWKWKHLQSXWFRQWUROVLJQDOV1HJOHFWLQJWUDQVLHQWVDQGWKHUHVLVWDQFHRIWUDQVIRUPHUV
WKHEDVLFVHWRI'$(HTXDWLRQVWKDWJRYHUQWKHG\QDPLFVRI83)&XQGHUWUDQVLHQWDUHUHSUHVHQWHGDVIROORZVE\(TQ
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UXQVRQWKH(.)DOJRULWKPDVH[SODLQHGLQSUHYLRXVVHFWLRQV$FRPSXWHUSURJUDPLVGHYHORSHGLQ0$7/$%IRUWKH
VDPH7KHGDWDXVHGIRUWKH60,%V\VWHPDQGWKH83)&ZKLFKLVXVHGWRLQLWLDOL]HWKHDOJRULWKPDUHDVVKRZQLQ7DEOH
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7DEOH'DWDIRUWHVWV\VWHP
3DUDPHWHUVIRU60,% 83)&LQLWLDOL]DWLRQGDWD
97 SX ;6( SX
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
$V SHU WKH G\QDPLF PRGHOLQJ GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ WKUHH VWDWH YDULDEOHV KDYH EHHQ FRQVLGHUHG
*HQHUDWRUURWRUDQJOHįJHQHUDWRUVSHHGȦDQGWKHYDULDWLRQLQ'&OLQNYROWDJH9'&IRUWKHFRQYHUWHUVLQ83)&
7KHPHDVXUHPHQWVFRQVLGHUHGIRUWKHSURFHVVRIVWDWHHVWLPDWLRQDUHHOHFWULFDOSRZHULQMHFWHGE\WKHJHQHUDWRUDQGWKH
JHQHUDWRUVSHHG,QRUGHUWRYDOLGDWHWKHUHVXOWVWRDFWXDOVFHQDULR*DXVVLDQQRLVHLVDGGHGWRWKHPHDVXUHGYDOXHVE\
XVLQJµUDQGRP¶IXQFWLRQLQ0$7/$%7KHYDULDQFHRISXLVDGGHGWRWKHPHDVXUHGHOHFWULFSRZHUDQGYDULDQFH
RIUDGVWRWKHPHDVXUHGURWRUYHORFLW\
5HVXOWVDQGGLVFXVVLRQ
7KHSHUIRUPDQFHRIHVWLPDWRULVFKHFNHGLQWZRVFHQDULRV,QFDVHDVXGGHQUHGXFWLRQLQWKHORDGLVVLPXODWHG,W
LVVHHQDVDVXGGHQFKDQJHLQWKHYDOXHRIORDGDQJOHIURPį UDGWRį UDGDWWLPHW VHF,QFDVHD
VFHQDULRRIIDXOWLVVLPXODWHGZKLFKFRUUHVSRQGWRWKHLQFUHPHQWLQYDOXHRIORDGDQJOHWRį UDGDWWLPHW VHF
)LJVKRZWKHHVWLPDWLRQUHVXOWVXVLQJ(.)DOJRULWKP,WFDQEHVHHQWKDWWKHUHVXOWVREWDLQHGE\G\QDPLFDO
PDWKHPDWLFDOPRGHOLQJRI83)&LVDEOHWRHVWLPDWHWKHG\QDPLFVRI83)&'&OLQN,QWKHHYHQWRILQFUHDVHRIORDG
WKH'&OLQNYROWDJHLVVHHQWREHUHGXFLQJ7KLVEHKDYLRXUFDQEHDWWULEXWHGWRWKHLQFUHDVHLQUHDFWLYHSRZHUDQGDFWLYH
SRZHUGHPDQGRIWKHV\VWHP
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7.2. Estimation results Case II: scenario of fault: Loss of line 
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